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Prenatal exposures often are assessed using retrospective interviews. Time from exposure to interview may influence data accuracy. We investigated the association of time to interview (TTI) with aspects of interview responses in the National Birth Defects Prevention Study, a population-based case-control study of birth defects in 10 US states. Mothers completed a computer-assisted telephone interview 1.5-24 months after their estimated date of delivery. Proxy metrics for interview quality were whether certain exposures were reported, whether the start month of reported medication use or illness was reported, or whether responses were missing. Interaction by case status was assessed. Interviews were completed with 30,542 mothers (22,366 cases and 8,176 controls) who gave birth between 1997 and 2007. Mothers of cases were interviewed later than were mothers of controls (11.7 months vs. 9.5 months, respectively). In adjusted analyses, having a TTI that was greater than 6 months was associated with only a few aspects of interview responses (e.g., start month of pseudoephedrine use). Interaction by case-control status was observed for some exposures; mothers of controls had a greater reduction in interview quality with increased TTI in these instances (e.g., report of morning sickness, start month of acetaminophen use and ibuprofen use). The results suggest that TTI might impact interview responses; however, the impact may be minimal and specific to the type of exposure. bias (epidemiology); case-control studies; interviews as topic Abbreviations: EDD, estimated date of delivery; NBDPS, National Birth Defects Prevention Study; TTI, time to interview.
Maternal exposures during pregnancy have the potential to alter fetal development and pregnancy outcome, although it is often difficult to predict the impact of a particular exposure on the fetus. Epidemiologic research has yielded important information about how to promote healthier pregnancies. However, there is still a lack of knowledge regarding the causes behind mostadversepregnancyoutcomes;therefore,improved methods for research in this area are under continued development.
Assessment of exposures during pregnancy poses many challenges. Pregnancy typically is not recognized until several weeks after conception, making recruitment of women in the earliest stages of pregnancy problematic (1) . Prospective studies that enroll only women who are planning a pregnancy will miss the approximately 50% of pregnancies that are unplanned in the United States (2) and will therefore be unrepresentative of the general population. To study rare outcomes, such as specific birth defects, enormous cohorts would be required to produce sufficiently powered analyses, and therefore case-control study designs are typically used for these outcomes. However, a drawback of case-control studies is that the pregnancy outcome is known at the time at which subjects are asked to self-report their exposure histories, potentially leading to recall bias.
A related concern with retrospective reports of exposures during pregnancy is the potential impact of the time between the exposure and the report in a maternal interview or survey. There has been substantial research in which investitagors examined the reliability and validity of maternal recall of the birthing experience (3) (4) (5) and birth weight (6) (7) (8) that generally has demonstrated good recall over intervals ranging beyond 50 years after delivery. More limited data are available on the assessment of exposures that occur during pregnancy, particularly those of a transient nature. In previous studies in which women were asked about exposures such as infections, medication use, or exposure to x-rays during pregnancy, the reliability of reporting decreased as the time between the exposure and interview increased. Overall, women were less likely to report an exposure that actually happened than to erroneously report an exposure that did not occur as time to interview (TTI) increased (9) (10) (11) .
Validation data for exposures during pregnancy are also difficult and expensive to obtain. In the absence of validation data, an assessment of interview quality can inform the potential impact of increasing time between exposure and interview. The objective of our analysis was to assess whether the time interval from the estimated date of delivery (EDD) to the maternal interview influences the quality of the data on reported prenatal exposures in the National Birth Defects Prevention Study (NBDPS).
MATERIALS AND METHODS

The National Birth Defects Prevention Study
The NBDPS is a population-based case-control study of major structural birth defects conducted at 10 centers in the United States (Arkansas, California, Georgia, Iowa, Massachusetts, New Jersey, New York, North Carolina, Texas, and Utah). Institutional review boards at each center approved the study. The NBDPS methods have been described in detail previously (12) . Briefly, birth defect cases are ascertained through population-based birth defect surveillance systems that collect information from hospital discharge summaries, birth logs, medical records, prenatal data from hospital records, and some specialty clinics. Possible pregnancy outcomes for mothers of case infants are live birth, stillbirth, or induced abortion. Controls were taken from a random sample of liveborn infants who did not have major birth defects and were born to mothers living in the same areas from which the case infants were drawn. They were selected from birth certificate records or hospital birth logs (13) . The study population for the present analysis included case and control infants with an EDD between October 1, 1997, and December 31, 2007. During this time period, participation was 68.5% for cases and 64.9% for controls.
Participating mothers of case and control infants were administered a computer-assisted telephone interview in English or Spanish that lasted approximately 1 hour. Mothers provided informed consent before beginning the interview. During the interview, mothers were asked about their exposures before and during pregnancy in a variety of domains, including medication use and illness. Mothers were asked about their exposures in the 3 months before pregnancy and throughout their pregnancy. Mothers were eligible to be interviewed from 6 weeks to 2 years after their EDD. EDD was used to standardize the amount of time that elapsed from the time of conception for pregnancies that ended at different gestational ages.
Time to interview
The exposure of interest in our analysis was the TTI. Mothers had the option of completing the interview in multiple sessions. We defined TTI as the time from the infant's EDD to the end of the mother's interview. For most of our analyses, we considered TTI as a categorical variable (6 weeks to 6 months, 7 months to 12 months, 13 months to 18 months, or 19 months to 24 months), with 6 weeks to 6 months as the referent category. Mothers with incomplete interviews were excluded from the analysis (n = 572; <2%).
Proxy metrics of interview quality
We did not have external validation data available to assess interview quality. Therefore, we used 3 different proxy metrics for recall and reporting accuracy.
Report of no exposure. Women were asked separate questions about whether they had experienced any for the following from 3 months before pregnancy through the end of pregnancy: upper respiratory tract infections; kidney, bladder, or urinary tract infections; injuries; morning sickness; or use of fertility medications or procedures. Response options were "yes," "no," "don't know," and "refused." We defined a report of no exposure as a mother reporting that an exposure did not occur (a "no" response). Although many negative responses are accurate, mothers may be less likely to recall an exposure and more likely to erroneously report that the exposure did not occur as the time from the exposure increases.
Missing information on start month. If a mother reported that she had had an illness or used a medication any time during the 3 months before pregnancy through the end of pregnancy, she was asked to provide either the exact start date or the month of pregnancy when the illness or medication use began. However, some women did not report a start month. We determined whether we were missing data on start month for infections of the upper respiratory tract or kidney, bladder, or urinary tract, as well as for use of acetaminophen, ibuprofen, pseudoephedrine, opioid analgesics, antidepressant medication, or antiepileptic medication. If a mother reported multiple instances of an exposure, she was coded as having missing information on the start month if the information was missing for any instance.
We were not able to include broad medication categories in the report of the no-exposure or missing-exposure report outcomes because mothers were not asked about specific use of most medications (i.e., "Did you take [specific drug]"?); rather, use was reported throughout the interview in response to follow-up questions after reports of specific reported illness or conditions (i.e., "For [specific condition], did you take any medications?"). Mothers were specifically questioned about their use of acetaminophen and ibuprofen and about other name-brand products that contained these ingredients. They also had the option of reporting use of these medications in response to the condition-specific questions, as described above.
Missing responses. Mothers whose response was "don't know" or who failed to provide a response for questions asked about injury, morning sickness, respiratory illness, or kidney, bladder, or urinary tract infection were considered to have missing data. These missing responses were evaluated as the third metric of interview quality. Figure 1 provides an example of how responses were coded based on the example of the questions mothers were asked regarding whether they experienced a respiratory illness during pregnancy.
Statistical analyses
We conducted a descriptive analysis of the TTI data and assessed the crude and adjusted associations of TTI with our indicators of interview quality in 2 ways. We first examined mean differences in TTI by maternal characteristics and by categories of the defined metrics of interview quality. In addition, we used the categorical TTI variable as the independent variable in logistic regression models to assess potential associations between TTI and the odds of the mother's interview having the low-quality value for the given metric using the shortest TTI category (6 weeks to 6 months) as the referent. In the modeling approach, we included several covariates selected a priori as potential confounders: maternal age at EDD (<25 years, 25-34 years, or ≥35 years); maternal race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or other race/ethnicity); maternal educational level (less than high school graduate, high school graduate or equivalent, or more than high school); annual family income (<$10,000, $10,000-$50,000, or >$50,000); parity (nulliparous, primiparous, or multiparous); case status (case vs. control); year of EDD; gestational age at delivery (<32 weeks, 32-36 weeks, or ≥37 weeks); birth outcome (livebirth, stillbirth, or therapeutic abortion); study center; and language of interview (English or Spanish). We also assessed whether the associations between TTI and our indicators of interview quality were different based on case status, interviewer-classified interview quality ("high quality" or "generally reliable" vs. "questionable" or "unsatisfactory"), or maternal age through stratified analysis and statistical testing for multiplicative interaction. All analyses were conducted using SAS, version 9.2 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
We analyzed data from 22,366 cases and 8,176 controls. The distributions of demographic and other descriptive characteristics are presented in Table 1 . Although most of the differences in the mean TTI between groups were relatively modest, the P values were statistically significant for every characteristic we considered, in part because of the large sample size. The only characteristics for which there was more than a 1-month difference in the mean TTI were case status, year of EDD, birth outcome, study center, and interviewer-rated quality of the interview. Cases had longer TTI than did controls, with a mean of 11.7 months compared with 9.5 months for controls. The mean TTI ranged from 10.3 months to 12.5 months across years of EDD and from 9.8 months to 12.6 months among different study centers. The mean TTI for mothers of liveborn infants was 11.1 months; for those who experienced fetal deaths, TTI was 11.7 months, and for those who underwent therapeutic abortions, it was 9.6 months. The mean TTI for interviews that the interviewer classified as high quality was 10.7 months; for interviews classified in other quality categories, the mean TTI was between 12.0-12.6 months.
Cases were about half as likely as were controls to have had their maternal interview conducted within 6 months of the EDD (17.7% and 33.8%, respectively), and they were 1.7 times more likely to have had their maternal interview conducted a year or more after the EDD (Figure 2 ). Because recall bias is such a big concern in studies of birth defects and because some associations did show differences between cases and controls, results are presented stratified by case status. The tests for interaction by interviewerclassified interview quality and maternal age were not statistically significant for any of the interview-quality outcome metrics we assessed.
Report of no exposure
Some of the exposures that we considered for our analysis of no-exposure outcomes were commonly reported during pregnancy by both cases and controls, such as morning sickness, upper respiratory infections, and kidney, bladder, or urinary tract infections, which were reported by approximately 20%-70% of mothers (Table 2 ) depending on exposure. Injuries and use of fertility medications or procedures were rarer, with each reported by less than 10% of mothers. For all exposures and among both cases and controls, the mean TTI varied by less than 1 month among mothers who reported that these exposures occurred and mothers who reported that these exposures did not occur; however, because of the large sample sizes, some of the P values for these small differences were statistically significant.
Among mothers of both cases and controls, there was some suggestion that they were less likely to report an exposure as TTI increased; the associations were quite modest, although often statistically significant (Table 3 ). Interaction by case status was significant only for morning sickness, although the adjusted odds ratio point estimates were modest.
Absence of report of start month of illness or medication use
The majority of mothers provided sufficient information for us to classify their start months of illness or medication use, although there was some variation ( Table 2 ). The mean TTI for mothers who did not report a start date was longer than that for mothers who did report a start date for most of the reported exposures examined, although not all differences were statistically significant.
Although results varied by the specific reported exposure, in general we saw stronger but still modest associations between increasing TTI and decreasing interview quality, as indicated by lack of a report of start month (Table 4) . For kidney, bladder, or urinary tract infection and pseudoephedrine use, mothers of both cases and controls were generally less likely to report the start month as the TTI increased. For acetaminophen and ibuprofen use, there was little association between TTI category and lack of report of a start month among cases. Among controls, however, we observed increased odds of not reporting a start month with a TTI of greater than 12 months for acetaminophen and greater than 18 months for ibuprofen. The difference in results for cases and controls is reflected in the statistically significant tests for interaction.
Because of the small numbers of mothers who reported using opioid analgesics, antidepressant medication, or antiepileptic medication, we were unable to conduct analyses stratified by case status or to adjust for potential confounding factors. Although the crude odds ratios suggested that mothers who reported these exposures might have been less likely to report the start month as the TTI increased, the estimates were too imprecise to allow us to draw conclusions.
Missing exposure report
It was rare to have a missing report of a maternal exposure that we examined, with rates ranging from less than 1% for injuries, morning sickness, and kidney, bladder, or urinary tract infection to 5.6% for upper respiratory infection (Table 2) . TTI tended to be longer for mothers with missing responses than for mothers who provided a response.
The results for missing exposure reports of upper respiratory infection and kidney, bladder, or urinary tract infection stratified by cases status suggested increasing odds of a missing exposure response with increasing TTI; for upper respiratory infection, this association appears slightly stronger among controls than cases ( Table 5 ). The less-stable nonstratified results for injury and morning sickness suggested that there may also be increased odds of having a missing exposure report for these exposures as TTI increased, but the estimates were highly imprecise.
DISCUSSION
The results of our analysis showed that the average TTI in the NBDPS varied by less than 1 month across categories for most demographic factors. We saw weak or no associations between TTI and our indicators of interview quality for most of the exposures we assessed, although we did observe modest associations between TTI and certain reported exposures (e.g., start month of pseudoephedrine use). We observed interactions by case status for no report of morning sickness, no report of start month of acetaminophen or ibuprofen use, and missing report of upper respiratory infection. In each instance, an association was observed for controls but not for cases.
Factors contributing to TTI
There are several factors that contribute to the length of time between a mother's due date and the date she is interviewed for the NBDPS. The mean TTI for cases was about 2 months longer than for controls. This is largely attributable to the fact that not all birth defects are diagnosed at birth. Although birth defects such as spina bifida or cleft lip are usually evident when an infant is born, certain heart defects and defects such as hydrocephalus or craniosynostosis may not be definitively diagnosed for weeks, months, or even years after birth; these cases cannot be ascertained by a surveillance system and assessed for eligibility in the study until the diagnosis is finalized. Delays in birth defect surveillance procedures also contribute to a longer TTI for cases.
Controls became eligible for the study when they were born; however, a source of delay for control interviews was the availability of vital records. For both cases and controls, tracking and tracing of participants was often a multistep process that could vary by maternal demographic characteristics and could contribute substantially to the length of the TTI. Even once a mother was located, a considerable amount of time could have passed before the interviewer talked to the mother and completed the interview.
Implications of reports of no exposure
There are 2 main reasons we could have observed an association between TTI and report of no exposure. The first is that mothers with longer TTI truly did not experience these exposures for reasons unrelated to TTI. We attempted to control for the factors that could confound the association between TTI and experiencing the exposures of interest, but there is always the possibility of residual confounding due to imprecise adjustment of measured factors or lack of adjustment for unmeasured factors.
The second is that mothers with longer TTI might be less likely to remember and thus report certain exposures. If there was recall bias such that mothers of case infants were more likely to scrutinize their exposures during pregnancy than were mothers of control infants, we would expect to see a stronger association among controls than among cases.
We did not observe strong associations between TTI and reports of no exposure for the 5 exposures we assessed. However, we did observe modest statistically significant increased odds of a report of no exposure with increasing TTI that were larger for controls than for cases. Whether these associations are due to residual confounding or a true impact of TTI is not clear. Gestational age is an important potential confounder for this indicator of interview quality, as mothers with shorter pregnancies had less opportunity to experience the exposure of interest. Although we controlled for gestational age in our logistic regression models, we also conducted sensitivity analyses in which we stratified by gestational age (≥37 weeks vs. <37 weeks). Results were not meaningfully different from those of our primary analysis. Abbreviations: SD, standard deviation; TTI, time to interview. a Considered only in analysis of reports of no exposure and missing exposure outcome measures. b P value for the difference in mean TTI among women who did and did not report the exposure. c P value for the difference in mean TTI among women with and without missing exposure reports. d Considered only in reports of the no-exposure outcome measure. e The "gate" question regarding fertility treatment use was added to the questionnaire in 1998. Although women were asked to report fertility treatment use before that time, a missing response does not have the same interpretation.
f Considered in reports of no exposure, start month report, and missing report outcome measures. g P value for difference in mean TTI among women who did and did not provide information on the start month of illness or medication use. h Reported exposures for medication use were considered only in the start month report outcome measure.
Implications of absence of report of start month of exposure or a missing exposure response
Whether the start month of the reported exposure could be determined and whether the exposure response was missing are likely more indicative of interview quality than was a report of no exposure. A report of no exposure might or might not be accurate, but missing data are a direct marker of reduced interview quality.
In most NBDPS analyses, we are interested in exposures that occurred during a specific time period, such as the first trimester, which is when most organ systems are forming. If we cannot determine the start month, that subject will be excluded from the analysis because of missing data. The mothers with missing responses to the exposure questions are also not able to be included in analyses.
Missingness is almost inevitable in retrospective studies of complex exposures. It is therefore important for women to be given the option to respond "don't know," because forcing them to respond "yes" or "no" could lead to misclassification. However, it is also important to remember that our observation of no meaningful association between TTI and the odds of having missing information does not imply that exclusion of subjects with missing data will lead to unbiased results. It is always important that analysts consider the ramifications of implied yet unverifiable assumptions inherent in the analysis of data with missing values (14) .
Conclusion
Although an inclusion period of up to 2 years after a woman's EDD allows for a long TTI, it also offers the Abbreviations: aOR, adjusted odds ratio; CI, confidence interval. a Odds ratios were adjusted for maternal age, maternal race/ethnicity, maternal educational level, annual family income, maternal parity, gestational age, pregnancy outcome, study center, and language of interview.
b P value for likelihood ratio test of interaction parameters for case status and time to interview in the logistic regression model. advantage of more complete case ascertainment, which is important in a population-based study such as the NBDPS. Our results suggest that increasing TTI may be associated with modest decreases in the quality of data reported during a maternal interview and that this decrease in interview quality might be more pronounced for mothers of control subjects than for mothers of case subjects. Although recall bias in birth defect studies may be a larger theoretical concern than is warranted in practice (15) , it is important to continually assess this potential source of bias and to understand how it could influence study results. A recent publication from a different birth defect casecontrol study (16) described a certainty algorithm that can be used to classify responses according to the timing of exposures (i.e., medications) in time windows of interest. The authors observed that when results were stratified by certainty, those with a "likely" exposure showed a stronger association than when those with "likely" and "possibly" exposures were combined. This method could potentially be modified to incorporate the TTI into the classification of exposure window certainty.
Although the present analysis focuses on data from a specific study, the NBDPS, the results should be informative to other studies of reproductive outcomes that use retrospective exposure assessment. The advantages of using NBDPS data include the large data set covering several years and diverse regions of the United States. The NBDPS has resulted in over 120 publications on potential associations between many different exposures and birth defects and other adverse reproductive outcomes, so understanding the implication of TTI on even just this study has important implications. Despite its strengths, this analysis is severely limited by a lack of external validation data of self-reported exposures, such as medical record reviews or follow-up interviews. In addition, we examined only a small fraction of the exposures about which women were queried on the NBDPS questionnaire. Different patterns may have emerged if we had considered different exposures, although we selected several of the most important exposures assessed in NBDPS. Although we assessed only a small number of the exposures about which women were questioned in the NBDPS interview, we conducted many statistical tests, and some of our results are therefore likely due to chance. In addition, interviewers were not blinded to case status, although they are not specifically told whether an interview pertained to a case or a control. Also, a standardized interview instrument was used in an effort to reduce introduction of recall bias through interviewer probing. We combined all birth defect case groups in our stratified analyses, and it is possible that defect-specific associations may vary. Over 30 different defect categories are included in NBDPS, and estimation of defect-specific associations for the many metrics we assessed was untenable. Studies of potential causes of birth defects are vital for ensuring the best health for women and their infants. Because birth defects are rare outcomes and early pregnancy exposures are difficult to measure, studies with retrospective exposure assessment are typically the best design for these studies. Therefore, it is important for researchers of birth defects to have an understanding of the limitations of their data collection methods and the potential impact of these limitations on the results of their studies and interpretation of those results. According to the data presented here, the methods used for the NBDPS are likely to result in limited bias.
